Constipation is the prototype of functional gastrointestinal disorders and one of the most prevalent conditions encountered in daily clinical practice. Approximately 30% of individuals in the general population experience problems with constipation during their lifetime, with elderly people and women being mostly affected.[@bib1] In patients with CKD, particularly in its advanced stages, the prevalence of constipation has been reported to be higher than in the general population,[@bib2], [@bib3], [@bib4] presumably due in part to dietary restrictions (e.g., limited fiber and fluid intake), chronic medication use (e.g., phosphate binders), and high prevalence of comorbidities (e.g., diabetes mellitus).[@bib5]^,^[@bib6] Increased uremic toxins and altered gut microbiota, both of which are commonly seen in patients with advanced CKD stages,[@bib7]^,^[@bib8] also have been linked to the high prevalence of constipation in CKD.[@bib9]^,^[@bib10]

Constipation is usually perceived as a benign and often self-limited or treatable condition,[@bib11] but its chronic, multiple symptoms negatively affect patients' quality of life and may impose a considerable social and economic burden.[@bib12]^,^[@bib13] Furthermore, recent evidence also has revealed that constipation is independently associated with adverse clinical outcomes such as CKD progression, CV events, and mortality,[@bib14], [@bib15], [@bib16], [@bib17], [@bib18] which, in turn, suggests that constipation could potentially serve as a new therapeutic target for these outcomes. The advent of new drug classes for constipation, some of which shows unique renoprotective properties with improvement of gut microbiota,[@bib19], [@bib20], [@bib21] has further expanded the potential of constipation management as a novel therapeutic strategy for diseases related to altered gut microbiota like CKD.

Notwithstanding the increased recognition of the excess social and clinical burden of constipation in the general population, studies investigating the characteristics and outcomes of constipation in the CKD population remain scarce. Considering the potential clinical relevance of constipation in CKD and the growing awareness of the mechanisms underlying the "gut-kidney axis," perhaps the time has come to uncover previously unappreciated roles of this frequently overlooked, unpleasant gastrointestinal condition in CKD. In this review, we summarize the current evidence on the epidemiology of constipation among patients with CKD and discuss its clinical and therapeutic implications.

Prevalence of Constipation in CKD {#sec1}
=================================

Diagnostic Criteria {#sec1.1}
-------------------

Currently, various diagnostic tools and risk assessment questionnaires are available for constipation,[@bib1]^,^[@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28] among which the Rome criteria and the Bristol Stool Form Scale are the most widely used to identify patients with functional constipation in the primary care settings.[@bib28] The Rome criteria (currently in its fourth version) are mainly composed of 6 constipation-related symptoms, and the diagnosis of constipation is established by the presence of 2 or more symptoms for at least 3 months ([Table 1](#tbl1){ref-type="table"}).[@bib28] Meanwhile, the Bristol Stool Form Scale is a 7-level scale visual inspection of feces based on its texture and morphology, which correlates with gastrointestinal transit time and is used independently of the Rome criteria ([Table 2](#tbl2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"}).[@bib24]^,^[@bib25]^,^[@bib29]^,^[@bib30] Physicians often prefer using objective and physical factors when defining constipation, whereas patient dissatisfaction may not necessarily be related to these factors.[@bib31] In this regard, these diagnostic tools, designed based on patients' subjective symptoms, may overcome the inherent differences in perception of constipation between physicians and patients and thus are recommended to assess constipation for both clinical practice and research purposes.[@bib28] In fact, a recent cross-sectional study reported that more than half of patients with CKD (*n* = 180) who had less frequent bowel movements (defined as bowel frequency of once every 4 to 6 days per week or less) with abnormal stool form and gastrointestinal symptom(s) perceived their bowel health as "normal" or "more normal than abnormal."[@bib32] This finding clearly tells us that sole reliance on self-reporting of constipation in CKD may lead to the underestimation of the clinical problem, strongly suggesting the need for an active and standardized assessment of constipation in CKD by using subjective diagnostic tools such as the Rome criteria and the Bristol Stool Form Scale, which have yet rarely been used in clinical practice in the CKD population.Table 1Rome IV diagnostic criteria[a](#tbl1fna){ref-type="table-fn"} for functional constipation[@bib28]1. Must include 2 or more of the following: a. Straining during more than one-fourth (25%) of defecations b. Lumpy or hard stools (Bristol stool form scale 1 or 2) more than one-fourth (25%) of defecations c. Sensation of incomplete evacuation more than one-fourth (25%) of defecations d. Sensation of anorectal obstruction/blockage more than one-fourth (25%) of defecations e. Manual maneuvers to facilitate more than one-fourth (25%) of defecations (e.g., digital evacuation, support of the pelvic floor) f. Fewer than 3 spontaneous bowel movements per week2. Loose stools are rarely present without the use of laxatives3. Insufficient criteria for irritable bowel syndrome[^1]Table 2Bristol Stool Form Scale[@bib24]Type 1. Separate hard lumps, like nutsType 2. Sausage-shaped but lumpyType 3. Like a sausage or snake but with cracks on its surfaceType 4. Like a sausage or snake, smooth and softType 5. Soft blobs with clear-cut edgesType 6. Fluffy pieces with ragged edges, a mushy stoolType 7. Watery, no solid piecesFigure 1Visual illustration of Bristol Stool Form Scale. Reprinted with permission from Chumpitazi BP, Self MM, Czyzewski DI, et al. Bristol Stool Form Scale reliability and agreement decreases when determining Rome III stool form designations. *Neurogastroenterol Motil.* 2016;28:443--448.[@bib30]

Prevalence {#sec1.2}
----------

The reported prevalence of constipation varies substantially across studies. In a systematic review of 68 studies, the prevalence of constipation in the worldwide general population ranged from 0.7% to 79%, with a median of 16% in adults and 34% in the elderly aged 60 years or older.[@bib33] This wide variability in prevalence across studies may be due to the differences in diagnostic criteria (e.g., patient- or health care professional--reported diagnosis), study populations (e.g., young or elderly adults), and research settings (e.g., community or hospital settings).[@bib33] In addition, given that only a minority of patients with constipation seek medical care,[@bib34] its exact prevalence in the general population is difficult to ascertain and hence remains unclear.

In the CKD population, the prevalence of constipation has been most extensively examined among patients with ESRD receiving either peritoneal dialysis (PD) or hemodialysis (HD) treatment.[@bib3]^,^[@bib6]^,^[@bib35], [@bib36], [@bib37], [@bib38], [@bib39], [@bib40] In a recent systematic review of 30 observational studies, Zuvela *et al.*[@bib41] investigated gastrointestinal symptoms in a total of 5161 dialysis (3804 HD and 1507 PD) patients and found that constipation was one of the most common gastrointestinal symptoms, with its prevalence ranging from 1.6% to 71.7% and from 14.2% to 90.3% in HD and PD patients, respectively ([Table 3](#tbl3){ref-type="table"}[@bib3]^,^[@bib4]^,^[@bib35], [@bib36], [@bib37], [@bib38], [@bib39], [@bib40], [@bib41], [@bib42], [@bib43], [@bib44], [@bib45], [@bib46], [@bib47], [@bib48]). According to a few previous studies comparing the prevalence of constipation between HD and PD patients, constipation has been found to be more prevalent in HD than PD patients.[@bib3]^,^[@bib4]^,^[@bib37]^,^[@bib39] In a single-center study of 268 HD and 204 PD patients, Yasuda *et al.*[@bib3] conducted a questionnaire survey related to bowel habits and demonstrated that HD patients had a 3.1 times higher risk of having constipation than those on PD. In another study of 56 HD and 63 PD patients and 25 healthy controls, Wu *et al.*[@bib6] showed that both segmental and total colonic transit times, as measured by radiopaque markers, were significantly longer in HD patients than in PD patients and healthy controls, especially in the right and rectosigmoid segments, with respective mean total colonic transit times of 43.0, 32.7, and 24.3 hours. Despite this evidence on constipation in patients with ESRD, information is scarce on the prevalence of constipation among patients with nondialysis-dependent CKD. In a small cross-sectional study including 21 patients with advanced stages of nondialysis-dependent CKD (estimated glomerular filtration rate \[eGFR\] \<15 ml/min per 1.73 m^2^), the prevalence of constipation was reported to be 4.8% and 19.0% based on the Rome III criteria and the Bristol Stool Form Scale, respectively ([Table 3](#tbl3){ref-type="table"}).[@bib48] No larger-scale descriptive studies are available, and thus the real-world prevalence of constipation in nondialysis-dependent CKD remains largely unknown.Table 3Reported prevalence of constipation in patients with CKD/ESRD across studies[a](#tbl3fna){ref-type="table-fn"}AuthorsYear*n*Age, mean (SD)Male sex, %Symptom assessment toolConstipation prevalence, %HDChong and Tan[@bib38]201312352 (13)47Questionnaire1.6Salamon *et al.*[@bib42]201317263 (14)66Interview by dietitian23.8Bossola *et al.*[@bib36]201111065 (15)64Questionnaire27.3Ramos *et al.*[@bib43]20155051 (12)58Rome III questionnaire32.8Cano *et al.*[@bib4]200710021--86 (range)52Locally validated Rome II33.0Dong *et al.*[@bib39]201418259 (14)59Modified GSRS36.3Wang *et al.*[@bib44]20012064 (11)40Self-reporting diaries38.0Hammer *et al.*[@bib35]1998105N/AN/AQuestionnaire40.0Daniels *et al.*[@bib45]201512060 (15)47GSRS52.5Yasuda *et al.*[@bib3]200226856 (2)62Questionnaire63.1Ikee *et al.*[@bib40]201613667 (12)68Laxative use66.2Zhang *et al.*[@bib37]201347853 (14)54Rome III questionnaire71.7PDZhang *et al.*[@bib37]201312745 (13)54Rome III questionnaire14.2Dong and Guo[@bib46]201011260 (14)54Modified GSRS17.9Cano *et al.*[@bib4]20074819--87 (range)65Locally validated Rome II27.0Salamon *et al.*[@bib42]201312261 (14)61Interview by dietitian28.7Yasuda *et al.*[@bib3]200220450 (14)63Questionnaire28.9Mitrovic and Majster[@bib47]201572N/AN/AGSRS90.3NDD-CKDLee *et al.*[@bib48]20162164 (14)48Rome III questionnaire4.8Bristol Stool Scale19.0[^2][^3]

Pathophysiology and Etiology of Constipation in CKD {#sec2}
===================================================

The pathophysiology of constipation is multifactorial and involves complex interactions of various etiological factors.[@bib27] Generally, chronic constipation is classified as primary or secondary.[@bib49], [@bib50], [@bib51] According to its pathophysiological characteristics, primary constipation can be further classified as normal-transit constipation, slow-transit constipation, outlet obstruction, and a combination of these.[@bib1] The normal-transit constipation is associated with symptoms such as straining and abdominal discomfort despite adequate colonic transit on objective evaluation; slow-transit constipation is characterized by prolonged colonic transit time with physiologic impairment of colonic motor activity.[@bib52] Structurally, patients with slow-transit constipation have been shown to have reduced numbers of interstitial cells of Cajal[@bib53] and myenteric plexus neurons expressing the excitatory neurotransmitter substance P[@bib54] and abnormalities in the inhibitory transmitters vasoactive intestinal peptide and nitric oxide.[@bib55] Outlet obstruction may result from a failure in synergic movements of pelvic floor muscles.[@bib56] Although the precise mechanisms underlying these conditions have yet to be fully elucidated, several extrinsic and intrinsic factors, such as food/diet,[@bib57]^,^[@bib58] gut microbiota,[@bib10] and behavioral (e.g., stool withholding)[@bib59] and psychological (e.g., anxiety) factors,[@bib60] have been suggested to be involved in the pathogenesis. On the other hand, secondary constipation is an entity in which clinical assessment and workup can identify intestinal or extraintestinal predisposing factors, such as concomitant medications and comorbidities.[@bib61]

The 2 forms of constipation (i.e., primary or secondary) often coexist and are usually indistinguishable from one another.[@bib27] In particular, among patients with CKD who are typically characterized by an immense burden of medications, comorbidities, and metabolic abnormalities,[@bib62] the cause of constipation is highly multifactorial, involving many complex pathophysiological mechanisms, as summarized in [Figure 2](#fig2){ref-type="fig"}.[@bib1]^,^[@bib5]^,^[@bib63], [@bib64], [@bib65], [@bib66], [@bib67], [@bib68], [@bib69], [@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75], [@bib76] Although there is a lack of consensus in the published literature, most of these predisposing factors (listed in [Figure 2](#fig2){ref-type="fig"}) appear to be shared by the general population. With a few notable exceptions, the strict dietary restrictions (e.g., low-fiber diets \[to avoid hyperkalemia\] and limited fluid intake \[to avoid volume overload\]), frequent use of constipation-inducing medications (e.g., phosphate binders, potassium-lowering agents, calcium channel blockers, opioids, iron supplements, and antidepressants), uremic toxins, and altered gut microbiota, all of which are typically present in patients with CKD, may further contribute to increase the prevalence of constipation in this particular population.[@bib6]^,^[@bib77], [@bib78], [@bib79] The greater reported prevalence of constipation in patients on HD (vs. PD) may be attributable to their stricter dietary restriction, longer physical restraint during dialysis treatment (and potential resultant stool withholding), and/or more rapid and greater volume removal (ultrafiltration).[@bib6]Figure 2Medical conditions associated with constipation in chronic kidney disease. CCB, calcium channel blocker; NSAID, nonsteroidal anti-inflammatory drug.

Constipation and Gut Microbiota in CKD {#sec2.1}
--------------------------------------

Over the past few decades, the characteristics and functions of gut microbiota have been extensively studied, and emerging evidence has revealed the biological links of altered gut microbiota (i.e., gut dysbiosis) with both constipation and CKD.[@bib80]^,^[@bib81] The alterations of fecal microbiota in patients with chronic constipation have been characterized by a relative decrease in obligate anaerobic bacteria (e.g., *Lactobacillus* and *Bifidobacterium* genera) and a parallel increase in potentially pathogenic microorganisms (e.g., Enterobacteriaceae family).[@bib80]^,^[@bib82]^,^[@bib83] A recent study also reported that the overall composition of the colonic mucosal (but not fecal) microbiota was associated with constipation, and that constipated patients (vs. healthy controls) had a significantly higher abundance of phylum Bacteroidetes in the colonic mucosal microbiota.[@bib84] These alterations of gut microbiota have been suggested to influence intestinal motility potentially through the following mechanisms: (i) release of bacterial substances or end-products of bacterial fermentation, (ii) intestinal neuroendocrine factors, and (iii) mediators released by the gut immune response.[@bib85] For example, the decrease in relative abundance of anaerobic bacteria could result in reduced production of short-chain fatty acids such as butyrate, acetate, and propionate, which are bacterial fermentation products of plant-derived carbohydrates and stimulate ileal and colonic smooth muscle contractility, and could therefore contribute to constipation.[@bib80]

Meanwhile, patients with CKD also have been recognized as having a substantial alteration of the gut microbiota (e.g., increased relative abundance of phylum Proteobacteria), along with impaired intestinal barrier function, partly due to the uremic milieu.[@bib81]^,^[@bib86] Bacterial urease in the gut, for example, hydrolyzes urea and produces large quantities of ammonia and ammonium hydroxide, which increases luminal pH and results in the alteration of gut microbial compositions and the disruption of intestinal epithelial tight junctions, characterized by the depletion of occludin, claudin-1, and zona occludens proteins.[@bib87], [@bib88], [@bib89] Importantly, these alterations in turn allow translocation of gut-derived toxins, bacterial fragments, and intact bacteria through the bowel wall into the systemic circulation, which has been considered as a key contributor to the activation of host inflammatory responses, potentially leading to excess morbidity and mortality in CKD.[@bib90] Although the differences in gut microbial profiles and barrier function between constipated and nonconstipated patients with CKD remain unknown, given the close relationship between constipation and altered gut microbiota, it is possible that the presence of constipation could further exacerbate conditions associated with the gut dysbiosis and barrier dysfunction in patients with CKD.

Constipation and Hyperkalemia in CKD {#sec2.2}
------------------------------------

Given the high prevalence of hyperkalemia and its significant association with increased mortality in patients with CKD, it is important to recognize the potential impact of constipation on hyperkalemia management in this population.[@bib91] Dietary potassium is absorbed mostly in the duodenum and jejunum and the net intestinal potassium absorption is approximately 90%. Under physiologic circumstances, intestinal potassium excretion is quite constant at approximately 10 mmol/d, with a maximum level of 15 to 20 mmol/d[@bib91]; however, when the kidneys are unable to excrete the dietary potassium load (i.e., oliguria/anuria), the gut becomes especially important for maintaining potassium balance.[@bib92] A series of potassium balance studies have demonstrated that potassium excretion in stool was 3 times higher in HD patients compared with healthy controls, reaching approximately 80% of dietary potassium (up to 3000 mg/d) for some HD patients.[@bib93] The increase in intestinal potassium excretion in CKD was later shown not to be the result of reduced dietary potassium absorption in the small intestine but primarily because of increased potassium secretion into the gut, an adaptation that may be attributable to greater high-conductance potassium channels on the apical surface of colonic epithelial cells.[@bib94]^,^[@bib95] It is therefore conceivable that slow intestinal transit time and impaction of feces with high potassium content can enhance intestinal potassium absorption, whereas conditions with faster intestinal transit time, such as diarrhea, can reduce potassium absorption, sometimes leading to profound hypokalemia. Among patients with CKD, it is also possible that a low-fiber diet (to avoid hyperkalemia) leads to constipation, which leads to hyperkalemia, which then leads to prescription of potassium-lowering agents that will lead to further worsening of constipation. These mechanisms may, in turn, explain why an increase in serum potassium or overt hyperkalemia in patients with CKD is a rare finding even in those on potassium-rich vegetarian diets that typically contain high fiber,[@bib96], [@bib97], [@bib98], [@bib99] and also could support the active constipation management as a potential preventive measure against hyperkalemia in CKD.

Clinical Impact of Constipation in CKD {#sec3}
======================================

Impact on Economy and Quality of Life {#sec3.1}
-------------------------------------

In the United States, constipation accounts for 2.5 million physician visits annually,[@bib100] significantly contributing to health care financial burden. The cost is estimated at approximately \$3000 for diagnostic workup per patient[@bib101] and at approximately \$82 million for over-the-counter laxatives every year[@bib102]; albeit without any relevant data in the CKD population. In addition, the unpleasant clinical symptoms and psychological preoccupations related to constipation can exert a profound negative impact on quality of life, affecting both physical and emotional well-being.[@bib11] In fact, in a study of 605 dialysis patients assessing health-related quality of life by the 12-item short-form, patients with constipation had significantly lower physical and mental health scores than those without constipation.[@bib37]

Impact on Clinical Outcomes {#sec3.2}
---------------------------

Constipation has been increasingly recognized as a potentially serious condition, particularly in patients with ESRD receiving PD, affecting the mechanical properties of dialysis techniques and predisposing to bacterial intestinal translocation and eventual enteric peritonitis.[@bib76] Although little attention has been paid to the clinical impact of constipation beyond its gastrointestinal complications (e.g., diverticulitis, perforation, and peritonitis),[@bib6]^,^[@bib103]^,^[@bib104] recent studies have disclosed its independent associations with the risk of several clinical outcomes, such as Parkinson's disease,[@bib105] ESRD,[@bib14] CV disease,[@bib15], [@bib16], [@bib17], [@bib18] and mortality.[@bib18]

### Constipation and CV Disease and Mortality {#sec3.2.1}

In an initial pioneering study on the association between constipation and CV outcomes, Salmoirago-Blotcher *et al.*[@bib15] assessed self-reported symptoms of constipation in 93,676 postmenopausal women enrolled in the Women's Health Initiative observational study and demonstrated that, compared with women without constipation, those with severe constipation had a 23% higher risk of CV events independent of known CV risk factors. Subsequently, using a cohort of 45,112 Japanese men and women aged 40 to 79 years, Honkura *et al.*[@bib17] reported that a lower defecation frequency was significantly associated with higher CV mortality (21% and 39% higher mortality for defecation frequency of 1 time every 2--3 days and ≤1 time every 4 days \[vs. ≥1 time per day\], respectively). In a recent large observational study of 3,359,653 US veterans with an eGFR ≥60 ml/min per 1.73 m^2^, Sumida *et al.*[@bib18] reported that patients with (vs. without) constipation had 11% and 19% higher incidence of coronary heart disease and ischemic stroke, respectively, and also experienced a 12% higher all-cause mortality.

Although the precise mechanisms for these associations remain elusive, several potential explanations have been proposed, one of which is through the process mediated by altered gut microbiota. Because gastrointestinal motility and gut microbiota are closely interrelated and exert reciprocal effects on each other,[@bib9]^,^[@bib10]^,^[@bib106] constipation, one of the clinical forms of altered gut microbiota,[@bib73]^,^[@bib77]^,^[@bib107]^,^[@bib108] is thought to be involved in the pathogenesis of atherosclerosis partly through chronic inflammation induced by bacterial endotoxins[@bib109] and/or gut metabolites (e.g., trimethylamine-N-oxide),[@bib110] consequently contributing to adverse CV outcomes. Although the median follow-up period ranging from 6.7 to 13.3 years in the aforementioned 3 studies appears to be relatively short to evaluate a long-term effect of constipation on the outcomes,[@bib15]^,^[@bib17]^,^[@bib18] given the chronic nature of this particular disease condition, it is possible that the patients identified as constipated had been exposed for a much longer time to these potential causative factors up to the time when the study follow-up was started. Some other factors, such as autonomic dysfunction,[@bib111] increased blood serotonin levels,[@bib112]^,^[@bib113] and repeated Valsalva-like breath-holdings (a well-recognized cause of "defecation syncope"),[@bib114] associated with constipation may also serve as potential explanations for the observed associations ([Figure 3](#fig3){ref-type="fig"}). Nonetheless, it is important to acknowledge that there is one observational study that reported no significant association between constipation and CV outcomes.[@bib115] In addition, all of these previous studies included only individuals with normal kidney function, and hence it is unclear whether constipation can add such prognostic information in the CKD population.Figure 3Schematic representation of potential mechanisms underlying the association between constipation and adverse outcomes in chronic kidney disease (CKD). CVD, cardiovascular disease; TMAO, trimethylamine-N-oxide.

### Constipation and CKD Progression {#sec3.2.2}

Despite the wide recognition of higher prevalence of constipation in patients with CKD than in the general population, it was not until very recently that studies investigated whether the presence of constipation *per se* worsens kidney function and increases the risk of developing *de novo* kidney disease. In a recent study using a nationwide cohort of 3,504,732 US veterans with an eGFR ≥60 ml/min per 1.73 m^2^, Sumida *et al.*[@bib14] examined the association of constipation with incident CKD, incident ESRD, and change in eGFR over time during a median follow-up of 7 years, and demonstrated that patients with (vs. without) constipation had a significantly higher risk of incident CKD and ESRD and were also at a greater risk of experiencing more progressive eGFR decline ([Figure 4](#fig4){ref-type="fig"}). In addition to the aforementioned potential mechanisms for the association with CV outcomes, the increased production of uremic toxins, including p-cresyl sulfate and indoxyl sulfate, may also contribute to the increased risk of renal events ([Figure 3](#fig3){ref-type="fig"}).[@bib116] As is well known, these uremic toxins are primarily excreted by the kidney and hence accumulate in CKD as kidney function declines.[@bib117] Of interest, they may accumulate more as patients get constipated. In a recent cross-sectional study including 43 nondiabetic nondialysis-dependent patients with CKD with a mean eGFR of 21.3 ml/min per 1.73 m^2^, Ramos *et al.*[@bib118] investigated the association of bowel habits with gut-derived uremic toxins and demonstrated that constipation was significantly associated with higher levels of urinary p-cresyl sulfate, a surrogate of intestinal production of the toxin.Figure 4Cumulative probability of (a) incident chronic kidney disease (CKD) and (b) incident end-stage renal disease (ESRD) according to constipation status. Reprinted with permission of the American Society of Nephrology from Constipation and incident CKD, Sumida K, Molnar MZ, Potukuchi PK, et al. *J Am Soc Nephrol*., volume 28, issue 4, Copyright © 2017; permission conveyed through Copyright Clearance Center, Inc.[@bib14]

Taken together, these findings suggest that, as a clinical form of heterogeneous health conditions, constipation may not only be a harbinger of ominous prognosis, but perhaps more importantly, it may serve as a novel therapeutic target for adverse outcomes like CKD and CV disease beyond its conventional defecation management.

Management of Constipation in CKD {#sec4}
=================================

To date, published literature on the management of constipation in patients with CKD is scarce. It is therefore assumed that constipation in CKD has been managed by physicians based primarily on their clinical experience and/or on the general therapeutic recommendations for constipation (vide infra),[@bib1] or was simply left untreated as a common, ignorable condition. Some patients with CKD might perceive constipation as self-manageable and thus may not even seek special medical attention.[@bib33] However, given the potential clinical impact of constipation, its adequate management may be more important than previously considered. The fundamental key to adequate management is identifying the etiologic, pathophysiologic, and/or symptomatic factors causing constipation in each individual case and modifying such causative factors, if any.[@bib76] Nonpharmacological and pharmacological interventions would then need to be considered for the management of constipation in CKD.

Nonpharmacological Treatment {#sec4.1}
----------------------------

Nonpharmacological treatment is traditionally considered the first step of a comprehensive management of constipation,[@bib50] which mainly consists of dietary and lifestyle modifications, such as fiber supplements and increased physical activity.[@bib1]^,^[@bib119], [@bib120], [@bib121] Patients with CKD, however, are typically advised to restrict the intake of fiber-rich foods to prevent hyperkalemia and are also often limited in physical capacity due to multiple comorbidities,[@bib41] and hence, these dietary and lifestyle modifications may not always be practical in this population. That being said, given the fact that a recent meta-analysis showed a lower mortality risk associated with a more plant-based, fiber-rich diet (with less red meat, sodium, and refined sugar intake) in adults with CKD (including those on dialysis),[@bib122] the potential health and gastrointestinal benefits of dietary fiber, along with its low cost, may justify consideration of dietary fiber supplementation as a first step in the management of constipation even in patients with CKD. It is noteworthy that both prebiotics (i.e., nondigestible substances such as oligosaccharides) and probiotics (i.e., live microorganisms such as Lactobacilli and Bifidobacteria), which have become familiar to the public as the components of dietary supplements and bioyogurt,[@bib75] also can be treatment options for constipation in CKD. Although the evidence of these supplements in constipation management in CKD remains limited, given their beneficial effects on reducing inflammation and uremic toxins among patients with CKD,[@bib123]^,^[@bib124] the effectiveness of pre- and probiotics for constipation in CKD may deserve future in-depth clinical trials.

Pharmacological Treatment {#sec4.2}
-------------------------

Pharmacological treatment is generally recommended when simple changes to diet and lifestyle fail to ameliorate symptoms of constipation.[@bib1] In contrast to primary constipation, secondary (e.g., drug-induced) constipation, which is predominant among patients with CKD, is unlikely to respond well to nonpharmacological treatment alone.[@bib58] Pharmacological interventions may therefore often be required for constipation management in patients with CKD.

A wide range of pharmacological treatments is currently available, including commonly used laxative compounds (e.g., bulk-forming and osmotic laxatives, stimulants, stool softeners, and lubricants) and relatively new agents (e.g., chloride channel activators, guanylate cyclase C receptor agonists, selective serotonin 5-HT~4~ receptor agonists, and ileal bile acid transporter inhibitors).[@bib125]^,^[@bib126] This heterogeneous group of drugs differs substantially in their pharmacological characteristics and mechanisms of action ([Table 4](#tbl4){ref-type="table"}). Recent recommendations from the American College of Gastroenterology Evidence-Based Monograph and a practice guideline from the American Gastroenterological Association suggest the use of bulk-forming and osmotic agents (e.g., psyllium and polyethylene glycol) first, supplemented by stimulant laxatives as needed (as "rescue" agents), before considering the use of newer agents with more physiological mechanisms of action.[@bib1]^,^[@bib126]Table 4Pharmacological treatment options for constipationTypesAgentsMechanisms of action and effectsCommon side effects**Commonly used laxatives**Bulk-forming laxativesPsyllium, methylcellulose, polycarbophilIncrease water-absorbing properties of stool and decrease stool consistencyBloating, flatulenceOsmotic laxativesSodium phosphate, polyethylene glycol, sorbitol, lactulose, magnesium hydroxide, magnesium citrate, magnesium sulfateOsmotically increase intraluminal fluids by nonabsorbable ions and molecules and decrease stool consistencyBloating, flatulence, abdominal cramps, electrolyte disturbanceStimulantsDiphenylmethane derivatives (bisacodyl, sodium picosulfate), anthraquinones (sennoside, aloe, cascara)Stimulate mucosa or myenteric plexus to trigger peristaltic contractions and inhibit absorption of water and electrolytesAbdominal discomfort, pain, and cramps, nausea, incontinenceStool softenersDocusate sodium, docusate calciumEnhance interaction of stool and waterAbdominal cramps, diarrheaLubricantsMineral oilLubricate stool and ease passageLipid pneumonia, malabsorption of fat-soluble vitamins, incontinence**Newer agents**Chloride channel activatorsLubiprostoneSelectively activate enterocyte type 2 chloride channels (CCl2), resulting in chloride secretion into intestinal lumen followed by passive diffusion of sodium and waterDiarrhea, nauseaGuanylate cyclase C receptor agonistsLinaclotide, plecanatideStimulate intestinal epithelial cell guanylate cyclase C receptors, resulting in secretion of chloride, bicarbonate, and water into intestinal lumen and acceleration of stool transitDiarrhea, nauseaSelective serotonin 5-HT~4~ receptor agonistsPrucalopride, cisapride, tegaserodStimulate intestinal fluid secretion and motility through activation of 5-HT~4~ receptors of myenteric plexusDiarrhea, nausea, headacheIleal bile acid transporters inhibitorsElobixibatReduce ileal reabsorption of bile acids and enhance colonic secretion and motilityAbdominal cramps, diarrhea

These pharmacological approaches also may be applicable to individuals with CKD, and in fact, previous studies have reported the beneficial effects of some of these agents on constipation in dialysis patients.[@bib74]^,^[@bib127] Nevertheless, because of the lack of clear management guidelines for constipation in CKD and the availability of many types of agents as over-the-counter therapeutics, it can still be difficult for physicians and patients alike to choose one specific agent over another to treat constipation in CKD. In addition, the potential safety concerns about the use of these agents (e.g., drug-induced nephrotoxicity and electrolyte disturbances)[@bib5]^,^[@bib128] may lead to possible undertreatment of constipation in patients with CKD, which could potentially contribute to their excess morbidity and mortality. In this context, the unique pharmacological properties of a few constipation agents, such as lactulose, a chloride channel activator (lubiprostone), and a guanylate cyclase C agonist (linaclotide),[@bib19]^,^[@bib129] may deserve special attention. In a study using an adenine-induced renal failure mouse model, Mishima *et al.*[@bib19] demonstrated that lubiprostone ameliorated the progression of CKD and the accumulation of uremic toxins by improving the gut microbiota and intestinal environment, suggesting its therapeutic potential for CKD. Recently, similar renoprotective properties have also been demonstrated for both lactulose and linaclotide in animal studies,[@bib20]^,^[@bib21] with a notable reduction in plasma trimethylamine-N-oxide levels additionally observed in linaclotide-treated (vs. untreated) mice.[@bib21] Furthermore, recent findings on the efficacy of fecal microbiota transplantation for the treatment of slow-transit constipation have underscored the importance of fecal microbial composition on the gut motility, implying the need for the development of novel gut microbiota--targeted strategies for the treatment of constipation.[@bib130]^,^[@bib131] From the standpoint of practical application, lactulose typically has fewer adverse effects than other commonly used laxatives (e.g., stimulants) and may be easily available at an affordable cost.[@bib132] Although the issues of high drug costs and long-term safety profiles of both lubiprostone and linaclotide remain to be addressed,[@bib126] the more physiological mechanisms of action of these emerging agents (vs. commonly used laxatives) have made them attractive therapeutic options for constipation in CKD. But perhaps most importantly, given the substantial alterations of gut microbiota in CKD, the gut microbiota--targeted approach using these drugs seems particularly relevant to the constipation management in patients with CKD.

Future Research Implications {#sec5}
============================

Although constipation is one of the most prevalent gastrointestinal conditions, there remains a substantial knowledge gap in its epidemiology in CKD. Future research efforts are therefore needed to improve our understanding of the characteristics of constipation in CKD, with a particular focus on its biological interactions with gut environment (e.g., microbiota composition, barrier function, and metabolites). In addition, it should be addressed whether the presence of constipation in CKD provides clinically meaningful prognostic information, as seen in individuals without CKD, and if so, to what extent and through what mechanisms. Furthermore, because there are currently no clinical trials that examined the effectiveness of aggressive management of constipation on hard clinical outcomes like mortality, future studies should evaluate the effectiveness and safety profiles of various therapeutic agents for constipation in CKD, as well as their potential benefits on subsequent outcomes of CKD. In particular, given the increasing roles of the gut in the acid-base and mineral homeostasis and the disposal of uremic toxins with declining kidney function,[@bib117] the detailed examination of therapeutic effectiveness across the spectrum of CKD may provide novel clinical implications of constipation management in CKD.

Conclusions {#sec6}
===========

Constipation has long been recognized as a benign and often self-manageable condition, which has thus been overlooked and understudied as a complication of CKD. Recent evidence has, however, challenged this most common perception of constipation, reinforcing its importance as a major public health issue that is highly relevant not only to primary care providers and gastroenterologists, but also to nephrologists. In addition, the advent of new constipation agents that may possess unique therapeutic properties has paved the way for a new understanding of constipation management in CKD, making it a potentially appealing and impactful therapeutic strategy for kidney and CV outcomes. In an ongoing quest to improve outcomes in CKD, the time has come to advance our understanding of this overlooked, unpleasant, and hazardous gastrointestinal condition of CKD and to explore its therapeutic potential beyond conventional constipation management.

Disclosure {#sec7}
==========

All the authors declared no competing interests.

CPK is an employee of the US Department of Veterans Affairs. The interpretation and reporting of these data are the responsibility of the authors and in no way should be seen as official policy or interpretation of the Department of Veterans Affairs or the US government. The results of this paper have not been published previously in whole or part.

[^1]: Criteria fulfilled for the past 3 months with symptom onset at least 6 months before diagnosis.

[^2]: CKD, chronic kidney disease; ESRD, end-stage renal disease; GSRS, Gastrointestinal Symptom Rating Scale; HD, hemodialysis; N/A, not available; NDD, non--dialysis-dependent; PD, peritoneal dialysis.

[^3]: Modified with permission from Zuvela J, Trimingham C, Le Leu R, et al. Gastrointestinal symptoms in patients receiving dialysis: a systematic review. *Nephrology (Carlton)*. 2018;23:718--727.[@bib41]
